Our hands, by their skill, have had a great influence on our history and culture, leading makind to prosperity. The delicate and harmonious function of the hand, controlled by the shoulder and elbow movements, enables us to do what ever we want. Particularly, the shoulder has a great flexibility due to the glenohumeral joint and scapular and clavicular movements. The intended action cannot be performed until the subtle coordination of the muscles involved is achieved. The function of the rotator cuff muscles and other participating muscles involved in the shoulder movements are so complicated and variable that the analysis of these movements up to now have been unsatisfactory. Because of this, we made an electromyographic analysis on the rotator cuff muscles and the other muscles involved in the shoulder movements. Using fine wire electrodes, the muscle action potentials were recorded on an eight channel penwriting galvanometer simultaneously. Electromyogram and joint movements were synchronized and recorded on the same plane on a 16mm. movie film. These film data were analysed qualitatively with a film motion analyzer.
Materials and Methodes
The dominant shoulder of nine males were tested in the current study. They understood the purpose of this study sufficiently and were trained to perform the requested movements smoothly. The standing position was mainly used. At rest the subject was in the standing position, the arms at the sides and the forearms in the natural midposition between pronation and supination. From the resting position, the following routine movements at the shoulder were performed, flexion, extension, abduction, adduction, external rotation and internal rotation. The movements were comparatively slowly performed-in an average of 4 to 5 seconds without exertion.
The muscles tested were supraspinatus, infraspinatus, subscapularis, teres minor, teres major, deltoideus (all sections), pectoralis major (pars clavicularis and pans sternocostalis), pectoralis minor, biceps brachii (caput longum and caput breve), triceps brachii (caput longum), latissimus dorsi, coracobrachialis, trapezius (all sections), rhomboideus major, rhomboideus minor, serratus anterior (all sections) and levator scapulae.
Copper wires covered with polyurethane and 0.07 mm. in diameter were used for the fine wire electrodes. About 3mm. of this wire was stripped from the tip and it was inserted into the muscle of the subject with a 27 gauge guide needle. The subject felt no discomfort from the wire electrode after withdrawal of the guide needle and for the duration of all shoulder movements. Using a pulse duration of 0.5 msec., 5 to 10 v., it was determined whether the fine wire electrode was inserted correctly into the target muscle or not. Two electrodes were inserted in one muscle about 1 cm. apart. The Our former experimental work revealed that in the isometric contraction of the biceps brachii muscle as studied with these electrodes, the amplitude of action potential was approximately proportional to a load up to 12 Kg.
An eight channel penwriting galvanometer was for the electromyographic readings.
We developed a device to record the two different phenomena (electromyography and joint movements) simultaneously. The device consisted of a 16 mm. Arriflex movie camera equipped with two lenses of different forcal distance and a prism. The electromyogram was recorded through a 13 mm. lens and the pattern of shoulder motion thorugh a 10 to 13 mm. lens. They were synchronized and recorded using the prism on the same plane on 16 mm. movie film. The correlation against time between the joint movement and the electromyogram recorded simultaneously on the same 16 mm. movie film was analyzed qualitatively with a film motion analyzer.
Result

Flexion
At the start or a short time after the beginning of the movement, electrical activity was recorded with the supraspinatus, infraspinatus, teres minor, deltoideus (pars claviculrais), pectoralis major (pars clavicularis) and serratus anterior (all sections), and sometimes with the pectoralis major (pars sternocostalis) and coracobrachialis. When the arm was elevated to 40 to 90 degrees, the electrical readings were added with subscapularis, deltoideus (pars acromialis), pectoralis major (pars sternocostalis), pectoralis minor, latissimus dorsi, coracobrachialis, biceps brachii (caput longum and caput breve) triceps brachii (caput longum), trapezius (all sections), rhomboideus major and levator scapulae.
Teres major, deltoideus (pars spinata) and rhomboideus minor were inactive during this movement.
Extension
At the start or a short time after the beginning of the movement, electrical activity was recorded with the supraspinatus, infraspinatus, subscapuralis, teres minor, teres major, deltoideus (pars acro- mialis and pars spinata), latissimus dorsi. trapezius (all sections), rhomboideus minor, rhomboideus major, serratus anterior (central section) and levator scapulae, and sometimes with the triceps brachii (caput longum).
Other tested muscles were inactive during this movement.
3. Abduction At the start or a short time afterward the movement began, electrical activity was recorded with supraspinatus, infraspinatus, deltoideus (all sections), trapzius (pars descendens) and serratus anterior (all sections).
When the arm was elevated to 40 to 90 degrees, readings were obtained with the subscapularis, teres minor, latissimus dorsi, coracobrachialis, biceps brachii (caput longum and caput breve), triceps brachii (caput longum), trapezius (pars transversa and pars ascendens), rhomboideus major and levator scapulae.
When the arm was elevated to about 110 to 130 degrees, sometimes readings were obtained with the pectoralis major (pars clavicularis and pars sternocostalis) and pectoralis minor.
Teres major and rhomboideus minor were inactive during this movement. 4. Adduction At the start or a short time after the movement began, electrical activity was recorded with the subscapularis, teres minor, teres major, deltoideus (pars clavicularis), pectoralis major (pars clavicularis and pars sternocostalis), pectoralis minor, latissimus dorsi and coracobrachialis and sometimes with the biceps brachii (caput longum and caput breve), but the activity in the deltoideus (pars clavicularis) came a stop almost immediately.
5. External rotation At the start or a short time after the movement began, electrical activity was recorded with the infraspinatus and teres minor. During the latter half of this movement, sometimes readings were obtained with the subscapularis, teres major, deltoideus (pars acromialis), coracobrachialis, arid triceps brachii (caput longum). 0.07 mm. in diameter were used for the fine wire electrodes. This electrode has a great advantage at the study of this kind of kinesiology.
1) It can easily be inserted into or withdrawn from a muscle and the subject feel no discomfort during shoulder movements after the guide needle had been withdrawn.
2) It gives as great an electric output when inserted in a muslce as a surface electrode, and was able to pick up the action potentials of the motor units of specific target muscles even when they are deep within the body.
2. Synchronous recorder The synchronous recorder was able to record the two different phenomena (electromyogram and joint movements) simultaneously on a 16 mm. movie film, and the correlation against time between the joint movement and the electromyogram was easily analyzed from the film data.
Kinesiologic electromyogram
Through various techniques we have solved most of the problems relating to the kinesiologic electromyogram, including the joining of the coarser wire to the fine wire needed for the electrode and others. However, analysis of the kinesiologic electromyogram is extremely difficult. For example, speed, resistance, type of movement and position and body characteristics of the subject involved combine sometimes give similar electric recordings, but this dose not mean the muscles are performing the same function. However, the time taken from the beginning to the end of an electric reading, and its variation in scale, of a specific muscle can be analysed. 4. Muscles Supraspinatus was active during flexion, extension and abduction, and inactive during adduction, external rotation and internal rotation. This muscle could be kept at complete rest so that there would be no electromyographic reading but this was comparatively difficult. This is probably because the supraspinatus acts against the force of gravity when fixing the humeral head in the glenoid cavity. This muscle performs an important function during abduction of the arm along with the deltoideus (pars acromialis) and is active as a synergist during flexion and extension.
Infraspinatus was active during flexion, extension, abduction and external rotation, and inactive during adduction and internal rotation. This muscle performs an important function during external rotation of the arm along with the teres minor, and is active as a synergist during flexion, extension and abduction. It was noted that when the arm goes through the abduction movement, the humerus rotate externally from the resting position. During the latter half of the abduction, the external rotation of the humerous allows the greater tuberosity to avoid contact with the lateral edge of the acromion by sliding under its prominence. Thus infraspinatus performs an important function in the external rotation of the humerus during abduction of the arm along with teres minor.
Subscapularis was mainly active during internal rotation, however it was slightly active during flexion, extension, abduction and adduction, and sometimes slightly active during external rotation. This muscle was the only muscle that was active during internal rotation of the arm without exertion of the shoulder movements, and was active as a synergist during flexion, extension, abduction, adduction and external rotation. Since this muscle lies between the ventral surface of the scapula and the distal portion of the serratus anterior and the lateral end is covered by the coracobrachi alis and the biceps brachii (caput breve), it is difficult to make a direct study of this muscle action. Duchenne demonstrated that the action of this muscle was a internal rotation of the humerous by electrical stimulation of the scapular nerve. Geraldine Shevim, M. and Simard, T. G. studied the function of this muscle by inserting wire electrodes beneath the medial border of the winged scapula. We examined the function of this muscle using a fine wire electrode inserted into it through the axilla avoiding the neurovascular bundle. We found that the function of this muscle was important during internal rotation of the arm and was .
active as a synergist during all other movements.
Teres minor was active during flexion, exten sion, abduction, adduction and external rotation, and inactive during internal rotation. This muscle did not always function the same as infraspinatus. Teres minor was particularly active during the latter half of abduction and during adduction, but infraspinatus was active during abduction and inactive during adduction.
The four muscles (supraspinatus, infraspinatus, subscapularis and teres minor) are attached around the humeral head and are called rotator cuff muscles. These rotator cuff muscles fix the humeral head in the glenoid cavity, but not all of . them were active during the shoulder movements. Certain muscles came into use for specific shoulder movements. As the glenohumeral joint lacks stability, the rotator cuff muscles carry out the joint movement smoothly without fear of dislocating the humeral head.
Teres major was active during extension and adduction, and inactive during flexion, abduction, external rotation and internal rotation. This muscle was not always functioning the same as latissimus dorsi. Teres major was particularly active during extension and adduction, and slightly active during external rotation. However, latissimus dorsi was active during flexion. extension, abduction and adduction.
The three sections of deltoideus-pans clavicul aril, pars acromialis and pars spinata-were tested. Pars clavicularis was active during flexion and abduction, and was inactive during extension, adduction, external rotation and internal rotation. This muscle was slightly active at the start of adduction because the flexion movement tends to overlap at the start, thus producing a reading. Pars acromialis was active during flexion, extension and abduction, sometimes slightly active during external rotation, and inactive during adduction and internal rotation. Pars spinata was active during extension and abduction, and inactive during flexion, adduction, external rotation and internal rotation.
Detoideus is powerful when the arm is elevated (pars clavicularis is powerful during flexion and abduction, pars acromialis is powerful during abduction and latter half of flexion and pars spinata is powerful during extension), but dose not participate during internal rotation and external rotation. Each activity of these three sections differs in relation to the time taken to carry out these elevation of the arm.
Pectoralis major (pars clavicularis and pars sternocostalis) were active during flexion, adduction and sometimes slightly active during latter half of abduction. However, pars clavicularis was more active than pars sternocostalis during flexion. The two sections of the muscle were inactive during extension, external rotation and internal rotation.
Pectoralis minor was active during flexion and adduction, and sometimes slightly active during latter half of abduction, and inactive during extension, external rotation and internal rotation. This muscle comes into action during flexion and adduction of the arm when the scapula moves forward.
Latissimus dorsi was active during flexion, extension, abduction and adduction, and inactive during external rotation and internal rotation. This muscle was not always functioning the same as teres major. Coracobrachialis was active during flexion, abduction and adduction, and inactive during extension external rotation and internal rotation. This muscle participated in adduction and flexion and was active as a synergist during abduction.
Biceps brachii (caput longum and caput breve)
were active during flexion, abduction and sometimes active during adduction (caput longum was more active than caput breve), and inactive during extension, external rotation and internal rotation. Triceps brachii (caput longum) was slightly active during flexion and abduction, and sometimes slightly active during extension and external rotation, and inactive during adduction and internal rotation.
The three sections of trapezius-gars descen- dens, pars transversa and pans ascenders-were tested. All were active during flexion, extension and abduction but each activity of these three sections differs in relation to the time taken to carry out these movements. They were inactive during adduction, external rotation and internal rotation. The three sections were extremely powerful during flexi on and abduction because of the upward rotation of the scapula is carried out by this movement. Rhomboideus minor was only active during extension, and rhomboideus major was acttve during flextion, extension and abduction. Rhomboideus major was more active than rhomboideus minor. Three section of serratus anterior-upper, central and lower-were tested and all were active during flexion and abduction (the central section was slightly active during extension) and inactive during adduction, external rotation and internal rotation. This muscle was extremely powerful druing flexion and abduction.
Levator scapulae was active during flexion and abduction, slightly active during extension and inactive during adduction, external rotation and internal rotation.
Upward rotation of the scapula is carried out by the combined actions of trapezius and serratus anterior. Usually, upward rotation of scapula is accompanied by elevation of this bone, and these movements were carried out not only by the combined action of trapezius and serratus anterior but also by the actions of levator scapulae and rhomboideus.
All components of the shoulder girdle complex have smooth and synchronous motion when the arm is elevated. Rotator cuff muscles, deltoideus, trapezius, serratus anterior and others involved in the shoulder movements were well coordinated and the smooth, integrated movement of the humerus, the scapula and the clavicula has been termed the "scapulohumeral rhythm".
Summary
(1) Not all the rotator cuff muscles were active during the mover or synergist actions on the shoulder movements. Certain muscles cam into use for specific shoulder movements. Supraspinatus performs an important function during abduction and is active as synergist during flexion and extension, but it is inactive during adduction, external rotation and internal rotation.
Infraspinatus performs an important function during external rotation and is active as a synergist during flexion, extension and abduction, but it is inactive during adduction and internal rotation. Subscapularis was the only muscle that was active during internal rotation without exertion during shoulder movements and was active as a synergist during other movements. Teres minor porforms an important function during external rotation and extension, and was active as a synergist during flexion, abduction and adduction, and inactive during internal rotation.
(2) Deltoideus (pars clavicularis), pectoralis major, latissimus dorsi and coracobrachialis were inactive during internal rotation, and subscapuralis was the only muscle that was active during this movement without exertion.
(3) Infraspinatus and teres minor performs important function during external rotation, but deltoideus (pans spinata) was inactive during this movement.
(4) Teres minor was not always functioning the same as infraspinatus. Teres minor was particularly active during the latter half of abdunction and during adduction, but infraspinatus was active during abduction and inactive during adduction.
(5) Teres major was not always functioning the same as latissimus dorsi. Teres major was particularly active during extension and adduction, but latissimus dorsi was active during flexion, extension, abduction and adduction.
(6) It is believed that the active condition of the participating muscles differs in relation to the time taken to carry out a shoulder movement.
